












































the	 chemical	 inertness	 of	 the	 polymeric	materials	 their	 surface	modification	means	 that	 first	 they	
shall	undergo	surface	activation	before	 subsequent	covalent	 functionalisation	 (Fig.1.).	 It	was	 found	
that	a	hydrophilic	surface	created	by	surface	modification	and	formation	of	new	functional	groups	on	
the	surface	by	oxygen	plasma	 treatment	greatly	 inhibited	bacterial	adhesion	 to	PMMA	surface	 [8].	














Over	 the	 past	 decades	 numerous	methods	 have	 been	 developed	 for	 surface	modification	 of	 poly-
mers,	such	as	wet	chemical	methods	[14-16],	chemical	vapour	deposition	[17],	UV	irradiation	[18,19],	
several	 varieties	 of	 plasma	 treatments	 [20-24],	 etc.	 [25].	 Among	 plasma	 treatments	 the	 non-
equilibrium	atmospheric	pressure	dielectric	barrier	discharge	 (DBD)	plasma	processing	has	become	
one	of	the	most	promising	techniques	due	to	the	combination	of	its	advantages,	including	fast,	envi-






ty	 are	 embedded	within	 a	 plane	 dielectric	material	 usually	made	of	 glass,	 quartz	 or	 ceramics.	 The	








In	 this	work	we	 present	 the	 surface	modification	 of	 PMMA	 by	 Diffuse	 Coplanar	 Surface	 Dielectric	
Barrier	Discharge	(DCSDBD)	operated	in	atmospheric	pressure	air,	which	was	successfully	employed	
in	our	earlier	work	 for	enhancing	 the	hydrophilicity	 and	 thus	 the	wettability	of	polytetrafluoroeth-
ylene	(PTFE)	[30].	The	aim	of	surface	modification	is	to	endow	antimicrobial	properties	of	the	PMMA	
surface.	Unlike	earlier	studies	we	attain	this	by	attaching	selected	macromolecules	including	polyvi-
nylpyrrolidone	 (PVP)	 and	 tannic	 acid	 (TAN)	 onto	 the	 activated	 surface.	While	 both	 molecules	 are	





























then	washed	with	water	 containing	 1wt%	 detergent	 and	 rinsed	 successively	with	 deionized	water	
using	an	ultrasonic	 cleaner	 for	5-5	minutes.	Finally,	 the	 samples	were	dried	and	stored	at	ambient	
conditions.	After	this	procedure	one	side	of	the	samples	were	treated	with	DBD	plasma	for	3	min.	A	
constant	distance	of	0.5	mm	was	kept	between	the	DBD	surface	and	the	polymer	sample	disc,	while	
the	 latter	was	constantly	moved	on	 the	 top	of	 the	DBD	unit.	After	plasma	treatment	 the	activated	
PMMA	 samples	 were	 coated	 with	 polyvinylpyrrolidone	 ((C6H9NO)n,	 PVP10,	 Sigma-Aldrich,	 average	
mol	 wt	 10000)	 and	 tannic	 acid	 (C76H52O46,TAN,	 ACS	 reagent,	 Sigma-Aldrich)	 by	 the	 layer-by-layer	
technique	using	 the	dip-coating	method.	For	 this	purpose	1	wt%	solution	 from	PVP	and	TAN	were	
prepared.	 After	 plasma	 treatment	 the	 samples	were	 put	 into	 a	 continuously	 shaken	 PVP	 solution.	
After	1	hour	of	soaking	the	samples	were	washed	with	distilled	water	for	2	minutes,	dried	at	70°C	for	
10	minutes	 and	 placed	 into	 TAN	 solution	 for	 another	 hour.	 These	 steps	were	 repeated	 five	more	
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X-ray	photoelectron	spectra	were	 recorded	on	a	Kratos	XSAM	800	spectrometer	operating	 in	 fixed	
analyser	transmission	mode,	using	Mg	Kα1,2	(1253.6	eV)	excitation.	Survey	spectra	were	recorded	in	
the	kinetic	energy	range	of	150	–	1300	eV	with	0.5	eV	steps.	Photoelectron	lines	of	the	main	constit-
uent	elements,	 i.e.,	 the	O1s,	N1s	and	C1s,	were	 recorded	by	0.1	eV	steps.	The	spectra	were	 refer-
enced	to	the	C1s	 line	(binding	energy,	BE	=	285.0	eV)	of	the	hydrocarbon	type	carbon.	A	Gaussian-
Lorenzian	peak	shape	(70/30	ratio)	was	used	for	peak	decomposition.	Quantitative	analysis,	based	on	
peak	 area	 intensities	 after	 removal	 of	 the	 Shirley-type	 background,	 was	 performed	 by	 the	 Kratos	
Vision	 2	 and	 by	 the	 XPS	 MultiQuant	 programs	 [36],	 using	 experimentally	 determined	 photo-
ionization	cross-section	data	of	Ev-ans	et	al.	 [37]	and	asymmetry	parameters	of	Reilman	et	al.	[38].	
Surface	 chemical	 com-positions	 were	 calculated	 by	 the	 conventional	 infinitely	 thick	 layer	 model,	









































carried	 out.	 To	 this	 study	 DMSO	was	 used	 as	 solvent,	 because	 the	 PVP	 and	 TAN	 precipitate	 from	
aqueous	solution,	which	indicates	an	interaction	between	these	materials.	The	deposit	was	dried	out	
and	dissolved	in	DMSO.	In	the	spectrum	of	the	mixture	no	new	signal	can	be	identified,	but	in	the	NH	
region	 (8.7-10.3	ppm)	sharp	signals	arise,	while	 in	 the	spectrum	of	pure	PVP	these	signals	are	very	
broad	as	Fig.	3.	shows.	This	change	in	the	shape	of	signals	indicates	strong	H-bonded	structure.	Simi-
lar	phenomenon	can	be	observed	in	case	of	proteins	in	the	amide	region.	To	check	the	possibility	of	
any	 chemical	 change	 13C,	 1H-13C	 single	 and	multiple	 quantum	 heteronuclear	 correlation	 spectra	
were	recorded.	By	analysis	of	these	spectra,	the	chemical	change	can	be	excluded.	The	only	possible	


















A	more	detailed	evaluation	of	 chemical	 composition	of	 the	 surface	was	described	by	XPS	analysis.	







Name	 Treatment	 O	 N	 C	
PMMA	 Pristine	 20.2	 0.0	 79.8	
PMMA-DBD	 DBD	 29.7	 2.8	 67.6	
PMMA-PVP	 DBD+PVP	 24.6	 1.1	 74.3	
PMMA-PVPTAN	 DBD+PVP+TAN	 16.4	 6.5	 77.1	
PMMA	 theoretical	 28.6	 --	 71.4	
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PVP	 theoretical	 12.5	 12.5	 75.0	













firming	 the	results	of	FTIR	spectra.	Comparing	 the	C1s	spectra	 (Fig.	5	1a	and	b)	of	 the	pristine	and	
plasma	treated	PMMA	one	can	observe	the	higher	intensity	of	C4	peak	that	indicates	the	increased	





















PMMA PVP TAN 
C1 284.8 – 285.0 C−H C−H C−H 
C2 285.5 – 285.8 C−C=O C−C=O C−C−C 
C3 286.6 – 286.9 C−O C−N C−O 
C4 289.0 – 289.4 O=C−O O=C−N O=C−O 
O1 531.7 – 532.6 C=O C=O C=O 
O2 532.3 – 534.0 C−O  C−O 
N1 400.1 – 400.2 ( C−N−C ) C−N−C  










In	particular,	 the	polar	 component	doubled	and	 the	dispersive	 component	 increased	by	 ca.	5	%.	 It	
suggests	that	the	increase	in	surface	energy	can	be	attributed	to	the	appearance	of	hydrophilic	polar	
groups.	 The	 low	 standard	 deviation	 of	 contact	 angles	 is	 an	 indication	 of	 the	 homogeneity	 of	 the	
CSDBD	treatment.	Fig.	7.	shows	the	water	contact	angle	values	with	respect	of	treatment	time.	It	is	
clearly	seen,	that	there	is	a	sudden	drop	in	the	contact	angle	even	after	a	few	seconds’	treatment	but	
















PMMA	 66±0.9	 35±0.5	 8.4	 42.2	 50.6	
PMMA-DBD	 47±2.9	 29±1.2	 17.4	 44.8	 62.3	
PMMA-PVP	 63±2.1	 32±0.8	 9.3	 43.6	 52.9	





















Sample	 Rmax	(nm)	 RMS	(nm)	 Ra	(nm)	
PMMA	 6.70	 1.58	 3.27	
PMMA-DBD	 51.87	 8.80	 25.55	










PVPTAN)	since	PVP	molecules,	which	get	 into	contact	 the	surface	 first,	attach	to	the	top	of	 the	hill	
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